The enamination of the trifluoroacetylketene O,O-acetal 1 with primary amines in water under mild conditions is described. Products 2 (trifluoroacetylketene O,N-acetals) were isolated after short reaction times (0.5-8 hours) in good yields (60-89%).
Introduction
The interest in the chemistry of enaminones has increased in the last several years and has been the subject of many reviews. 1 In particular, fluorine-containing enaminones represent interesting building blocks as starting reagents 2,3 for the synthesis of heterocyclic compounds, such as pyrazoles 4 and quinolines, 5 compounds with antimalarial activity. 6 The most commonly used method to synthesize haloalkyl-containing enaminones is the enamination of β-alkoxyvinyl polyhaloalkyl ketones.
rearrangements, Michael additions, Barbier-Grignard reactions, Reformatsky reactions and oxidation and reduction reactions, as well as reactions at high-temperature in an aqueous medium. 17 In connection with the research of reactions in water and our interest in the development of new methodologies for the synthesis of several fluorine-containing molecules, we herein report a green, mild and efficient procedure for the enamination of trifluoroacetylketene O,O-acetal 1 in water.
Results and Discussion
The synthon, trifluoroacetylketene O,O-acetal F 3 CC(O)CH=C(OEt) 2 1, was easily prepared according to the literature. 18 Trifluoroacetylketene O,O-acetal 1 was reacted in water with primary amines to give the corresponding trifluoroacetylketene O,N-acetals 2 (enaminones) in good yields (Scheme 1, Table 1 and 2). 
Scheme 1
While the classical work of Hojo et al. describes the synthesis of enaminones in CH 3 CN and a reaction time of 18 h, 9 our procedure is very simple since it does not require organic solvents or long reaction times and minimizes solvent usage. The main limitation of this procedure was the low water solubility of the substituted aromatic amines, resulting in longer reaction times (8 hours) with moderate yields, when compared with aliphatic amine reactions, that proceeded smoothly at room temperature and led to products in good yields (71-89 %) and satisfactory times (30 minutes-4 hours). An alternative method to synthesize trifluoroacetylketene O,Nacetals 2b-e is also presented (Method B). In this case, compound 1 was reacted with respective amines in a cold aqueous medium (5°C). Product formation could be verified by the precipitation of a yellow solid (2d-e) for solid compounds. Although final yields were somewhat lower when compared to method A, method B showed the advantage of easy purification of products, by a simple filtration in a Büchner funnel and subsequent washings with cold water. The generality of this process was illustrated by, the wide range of aromatic and aliphatic primary amines examined. The products 2b-d and 2f-i have not been previously prepared. In summary, we demonstrated a new method for the enamination reaction of trifluoroacetylketene O,O-acetals with aromatic and aliphatic amines under mild conditions in an aqueous medium. The choice of water as reaction solvent makes the present method a practical protocol for the preparation of fluorine compounds using a green chemistry concept. Extension of this reaction to other substrates and organic species is currently in progress and will be reported in due course.
Experimental Section
General Procedures. 1H , 13C and 19F NMR spectra were acquired on a Bruker DPX 300 instrument (300.13 MHz for 1H, 75.48 MHz for 13C and 282.38 MHz for 19F), at 300 K in acetone-d6 as solvent 19F NMR chemical shifts were referenced to external with CCl3F (δ = 0.0 ppm). Low resolution mass spectra were obtained on a Shimadzu QP5050 spectrometer operating at 70 eV. IR spectra were recorded on a Bohmen FT-IR spectrometer. All products gave satisfactory elemental analysis: C, ± 0.30; H, ± 0.20. The melting points are uncorrected. Standard flash chromatography procedures were followed using 230-400 mesh silica gel 60A. All water used was degassed with argon.
Synthesis of trifluoroacetylketene O,N-acetals 2 (method A)
Trifluoroacetylketene O,O-acetal 1 (2 mmol) and amino compound (4 mmol) were added in water (10 mL), at room temperature, and stirring for the time indicated (Table 1 ). The progress of the reaction was followed by GC. After the time indicated in the Table 1 , the organic phase extracted with ethyl acetate (10 mL). The organic extract was dried (MgSO 4 ) and the solvent removed under reduced pressure. The product was purified by flash column chromatography when necessary (silica gel, hexane/ethyl acetate 8:2).
Synthesis of trifluoroacetylketene O,N-acetals 2b-e (method B)
To a mixture of amino compound (5.5 mmol) in water (10 mL) was added trifluoroacetylketene O,O-acetal 1 (5 mmol) at room temperature, and the mixture was then cooled to 5 °C and stirred for 40 minutes. The organic phase was extracted with ethyl acetate (15 mL), washed with water (two times), dried (Na 2 SO 4 ) and the solvent removed under reduced pressure. The products were obtained with excellent purity. For the compounds 2d-e a yellow precipitate was observed. The products were isolated by filtering through a Büchner funnel, washing with ice-water and dried on a high-vacuum to give the pure products.
